Introduction

I
ncome inequality has long been associated with aggregate health in a society. Researchers contend that wide income inequality has a negative effect on a society's aggregate health. 1, 2 Often termed as ''the Wilkinson Hypothesis'', 3 the proposed association between income inequality and aggregate health also earns theoretical backing due to the curvilinear model between individual income and health. 4, 5 There may be disagreement among researchers as to the presence or degree of independent detrimental effects of income inequality on aggregate health (for more detail of the discussion, see [6] [7] [8] ) but there is a unanimous assumption that a negative relationship logically exists between income inequality and aggregate health. 4, 6 Comparative health researchers also expect the Social Democratic welfare regime to deliver better aggregate health indicators than other welfare regimes. 9 Following Esping-Andersen's 10 seminal categorization of the traditional welfare states into the Social Democratic, Conservative and Liberal welfare regimes, the Scandinavian welfare states such as Sweden, Norway, Finland and Denmark have been core members of the Social Democratic type. 11, 12 The powerful social democratic parties in Northern Europe have been devoted to generous welfare systems and active labour market policies, which are expected to bring benevolent effects to aggregate health. 13 When examining the two theoretical expectations for 'income inequality-aggregate health' or 'welfare regime-aggregate health' relationships, empirical findings have reached contrasting conclusions. Some researchers conclude that income inequality and national-level aggregate health are statistically related, 14, 15 but others repudiate the hypothesis. 16, 17 Even three review articles reach contrasting conclusions on the hypothesis. The first group of reviewers 18 conclude that the relationship is ''unclear'' (p. 407) while the second group 19 state that there is no evidence to support the association. However, the third group of reviewers 20 support the hypothesis. One 'review of reviews' on the three review articles states that it is ''puzzling'' to see that reviews on the same research questions with similar lists of primary articles can reach such contrasting conclusions. 21 Empirical findings on the relationship between welfare regimes and aggregate health are also inconsistent. Some evidence supports the hypothesis that the Scandinavian welfare regime demonstrates the best aggregate health 22, 23 but there is also evidence to the contrary. 24, 25 A group of reviewers 26 on the hypothesis state that the Social Democratic regime has the best aggregate health outcomes. However, other review groups conclude either that there is some evidence in support of the hypothesis 27 or that there is contradictory evidence. 28 Primary studies as well as review articles do not reach any consensus on the relationship.
This article focuses on this lack of consensus on the relationship between income inequality and aggregate health (i.e. the Wilkinson Hypothesis) in addition to the relationship between welfare regimes and aggregate health. The fact that contrasting conclusions have been reached on the two research questions is no coincidence because the two subjects are related. To clarify, the Scandinavian welfare regime is expected to have better aggregate health records due mainly to its narrow income inequality. 9 This article takes a new approach to the long-disputed subject of the relationship between income inequality, welfare regimes and aggregate health by using the decomposition systematic review method.
Methods
This article introduces a decomposition systematic review method to incorporate multiple findings within each primary article under review. The new method seeks to overcome three limitations commonly found in the previously conducted systematic review articles. 21 The methodological details are elaborated in the third part of this section.
The method part first discusses the guidelines for selection of relevant primary studies, and in the second part discusses the process through which studies are actually chosen. The third part elaborates on what the decomposition review method is and how it works in the analysis of the selected studies.
Article selection criteria
Primary articles are selected under the following seven criteria to fit the research question of the relationship between income inequality or welfare regimes and aggregate health. Primary articles should:
(i) be an empirical study published in an English-language peerreviewed journal. (ii) be based on comparative cross-national statistics including at least three nations with any of the four Social Democratic nations (Sweden, Finland, Norway and Denmark) under review together with at least two other nations from mutually distinctive regimes. Accordingly, at least three nations from at least three different welfare regimes need to be compared. (iii) compare only developed nations over a certain threshold of per capita GDP or members of OECD. (iv) examine aggregate health, not health inequality. (v) not gauge self-rated health (SRH) as a population health indicator. This has been regarded as a valid barometer for population health within a certain society or nation. 29 However, it has been criticized for delivering misleading outcomes especially in a cross-country comparative health study context. 7, 30 The Nobel economics laureate Amartya Sen regards SRH as potentially extremely misleading especially for comparative health studies. 31 The subjective indicator can cause ''major problems ' 
Article collection process
Three steps for article collection
The first step is to search the 'Web of Science' and 'Pubmed' electronic databases in the first week of November in 2015. The key words are (1) 'welfare regime', (2) 'welfare state', (3) 'welfare capitalism', (4) 'income inequality', (5); 'income distribution', (6) 'population health', (7) 'aggregate health', (8) 'health inequality', (9) 'mortality' and (10) 'life expectancy'. The selected articles need to have at least one of the independent variables (1), (2), (3), (4) or (5) and at least one of the five dependent variables (6), (7), (8) In the first step, six review articles [18] [19] [20] [26] [27] [28] are searched as well. The second step is to browse lists of primary articles covered by the six review articles. They each have lists of articles under their reviews and overall a total of 159 articles are collected with a number of duplicates.
The third step is to identify recent articles that referred to the abovementioned systematic reviews or to a few key primary articles. The key primary articles in this context are designated in case they are reviewed by at least three systematic reviews of the six. In this way, eight key primary articles are selected. Then the articles that referred to the eight key articles are browsed in Google Scholar search engine and selected. While the second step is the 'snowballing' gathering skill, the third step is 'reverse snowballing' which entails finding more contemporary articles through citation tracking. 33 For example, after reviewing a total of 234 articles that referred to one of the key articles, 16 the reviewer selects 24 articles. In total, out of 3146 articles reviewed, 319 articles qualify for the next round of review.
The three-step reviewing process selects a total of 989 articles. As mentioned above, many articles are duplicates. The second screening process involves reading the articles' abstracts and full-texts and selecting some of them based on this study's seven criteria.
Screening
Based on the abovementioned seven criteria, the following are excluded: a book chapter, 34 or a non-empirical article, 35 comparing regions within a single nation, 36 only two nations 37 or only two welfare regimes, 38 covering only developing nations, 39 examining only health inequalities, not aggregate health 40 comparing SRH across the nations 41 examining not general population's health indicator but detailed health indicator such as level of smoking 42 and happiness. 43 Studies published before 2001 were filtered out and excluded from the searching process. Overall, hundreds of studies were omitted as a result of the screening.
In addition, some articles use relatively unconventional confidence interval of 90% in the lead up to their conclusions. 13, 44 To maintain consistency with other reviewed articles, the reviewer reinterprets their conclusions based on the more common 95% confidence interval. This long process of screening leaves a total of 48 articles (The list is available online in Supplementary Material 1 together with respective datasets, methods, cases, dependent variables, independent variables and conclusions).
Decomposition review analysis of selected articles
This article introduces the decomposition review method, which can be defined as 'a systematic review method that decomposes the key components of each empirical study, such as independent and dependent variables, method and data to gather and analyse multiple findings from an individual article'. One of the key limitations of the previous systematic reviews is that they categorize primary articles in dichotomous or trichotomous ways. 21 Even if a primary article conveys multiple findings, they are ultimately categorized as either pro-hypothesis or anti-hypothesis. For example, Lynch et al. 45 find that higher income inequality is strongly associated with greater mortality among infants, and more moderately associated with mortality among those aged 1-14 years in both sexes. For other generation groups aged 15-44, 45-64 and !65, there was no statistically significant association between income inequality and mortality. Overall, life expectancy is not related to income inequality in a statistically significant way. For the multiple findings of this empirical study, the three review articles give different interpretations. One review article 19 interprets the article as 'against the hypothesis', while the other two describe it as 'supportive'. 18, 20 This author will not choose one interpretation over another here especially when the same researchers review their own primary article. 45 However, it is certain that information was overlooked by oversimplifying the delicate and dynamic relations between income inequality and aggregate health.
As another example, Beckfield et al. 46 find that the relationship between income inequality and aggregate health is observed in the OLS regression model but is absent in the fixed effects model. This article is categorized simply as 'against the hypothesis' in one of the review articles. 20 These two examples of the monotone review carry significant implications for cross-national comparative health studies. The relations between income inequality, welfare regimes and aggregate health may vary depending on the methods and health indicators used by the researchers. It would logically follow that the choice of independent variables or data would influence their research outcomes as well. Therefore, even within a single study, the relationship could change dynamically. In this context, many previous review articles might have ignored these interactive dynamics between independent and dependent variables, methods and data, possibly because of being restricted by the 'one article = one finding' formula.
To overcome the limitations, this decomposition systematic review takes the three following steps. The first step is to methodologically take into account multiple findings in a single article under review. To take Lynch et al. 45 as an example again, this review decomposes the study into five different findings as presented in table 1, depending on its key components of health indicator (dependent variable) and possible datasets. Table 1 illustrates that a change in dependent variables, ceteris paribus, results in contrasting outcomes. Similarly, the author decomposes the other 47 studies under this review depending on the number of findings they obtain. The decomposition is based on each article's choice of the four components: (1); independent variables, (2) health indicators as dependent variables, (3) statistical methods and (4) datasets. In the end, the decomposition produces 107 findings out of the 48 reviewed articles. If a research design is simple with a single independent variable and a single health indicator, it is counted as having a single finding. Otherwise, for another article, there could be multiple findings. Overall, each article has roughly 2.2 findings on average.
The second step is to identify the patterns of the empirical studies when using the four components. For example, the 48 reviewed articles use roughly 6 health indicators: infant mortality rate, child mortality rate, working-age mortality rate, old-age mortality rate, life 45 again, it is coded as '2' (income inequality) for its use of independent variables and also coded as '1', '2', '3', '4' and '5', respectively, for its dependent variables as it covers the five health indicators. It is again coded as '3' (multivariate analysis) for its method of correlation analysis with control variables. For the last-line health dataset, they use the WHO Statistical Information System (WHOSIS) for its life expectancy indicator (coded '2') and use the WHO Mortality Database for all other indicators (coded '3'). Then, if a finding is pro-hypothesis, it would be coded as '1' while if it is anti-hypothesis it is coded as '2'. Lynch et al. 45 find that income inequality has a statistically significant association with infant mortality (coded as '1') and child mortality (coded as '1'), but not with the other three health indicators (all coded as '2').
In Similarly, all of the 47 other articles are given either a single set or multiple sets of codes in accordance with their findings. This complicated process of coding enables the researcher to process the data of the enlarged cases in a simpler way with a statistical program R. The coding process results in a tabulation of 107 findings (from 48 articles). For example, a 2D table with two axes of independent variables and health indicators can place all of the 107 findings in each relevant cell. In the table (available online as Supplementary Material 2), for example, the eight findings can be seen regarding the relationship between welfare regimes and infant mortality rate, including six pro-hypothesis findings from five articles 22, 23, [47] [48] [49] and two anti-hypothesis findings. 24, 25 Supplementary Materials 3 and 4 also outline the locations of findings on axes entitled 'methods vs. health indicators' and 'data vs. health indicators'.
Findings
Two-dimensional analysis: four thresholds
Age threshold
The decomposition method splits the dependent variables of the 48 articles into 7 generational categories. All of the 107 findings from the 48 studies can be located along the 7 dependent variables. If an article finds a significant association between an independent variable and a health indicator in hypothetically expected ways, it is categorized by this review as pro-hypothesis. If not, it is categorized as anti-hypothesis. The review outcomes, presented in table 4, show an interesting pattern of an age threshold. In this table, the majority of findings support the hypothesis in infant mortality (32 out of 45 findings) and child mortality (6 out of 7), but the support diminishes from working-age mortality (2 out of 8) and old-age mortality (2 out of 7). Even for the whole-life heath indicators, fewer findings support the hypothesis for life expectancy (9 out of 33) and all-age mortality (2 out of 5). In total, the number of pro-hypothesis 53 and anti-hypothesis 54 findings is nearly equal, but a detailed observation reveals an age threshold over which the majority of articles begin to exhibit contrasting patterns.
Two articles 45, 50 analyse all of the generation-specific health indicators and both reach the same conclusion, namely, that only the first two younger-generation health indicators support the hypothesis. Another reviewed article, 3 of which findings are not 
Three more thresholds of GDP, period and gender
This systematic review also identifies three more potential thresholds over which studies find the pattern of health indicators change dramatically. The second is the GDP per capita threshold. It is closely related to the Wilkinson Hypothesis whereby in rich countries over a certain degree of income per capita, it is not economic growth but economic equality that drives up the population's health level.
1,51
Over a certain threshold of the GDP per capita, the relationship between GDP per capita and aggregate health would either weaken or disappear due to the theoretical curvilinear relationship between income and health. Among the reviewed articles, some studies support the GDP per capita threshold effect 52,54 and some even contend that, over the threshold, economic growth has detrimental effects on infant mortality 54 and longevity. 55 However, other studies 15, 56 contend the persistent, significant relationship between wealth and aggregate health even over the threshold. The GDP per capita threshold issue remains open to further discussion.
The third threshold is the period threshold, where, over time, the theoretically expected relationships between income inequality, welfare regime and aggregate health vanish. The turning points are 'the early 21st century' 25 or '1992'. 57 When income per capita is held constant, the Gini coefficient does have a significant detrimental effect on aggregate health in the 1970s but not in the 1980s and 1990s. 16 The Social Democratic and Scandinavian countries, when compared with other welfare states, had the lowest infant mortality rates until the late 20th century, but the differences in infant mortality had been narrowed to be negligible. 25 The last additional potential threshold is the gender threshold. Out of a relatively small number of articles examining the subtle difference between genders, some observe that the female mortality rate for those aged over 65 is significantly related to income inequality but that old-age male mortality is not. 56 Another study claims that female life expectancy is even more significantly related to wealth mortality than the cross-gender infant mortality rate, usually the most sensitive health indicator. 52 Among women, those from East Asia have the longest life expectancy, while among males, those from Nordic countries live longest. 58 On the other hand, in other primary articles, 45 ,50 the gender threshold cannot be found.
The term 'threshold' in this context may have different implications compared other thresholds because the gender data are not gradual but nominal, but the presence of this between-gender threshold needs further analysis. The proposed four thresholds (age, GDP, period and gender) altogether call for more detailed analysis of cross-national health study rather than the conventional monotone and oversimplifying approach. Among the thresholds, due to space limitations, this review focuses particularly on the age threshold with the following 3D approach.
Three-dimensional analysis involving variables, methods and data
Relations between independent variables and health outcomes
At first, this systematic review analyses how different independent variables impact different health indicators. Supplementary Material 2 demonstrates the relationship between the seven independent variables and seven health indicators. Some articles set more than one independent variable. For instance, Muntaner et al. 50 use political tradition, income inequality and welfare state spending. Apart from welfare regime and income inequality, five other variables are also selected in this review, as all primary studies here are cross-national health comparative studies corresponding to this review's article selection guidelines. Scandinavian nations, which have a social democratic political tradition and are therefore synonymous with the Social Democratic welfare regime, have universal welfare states that contribute to narrow income inequality. 59 Even though there have been controversies over the retreat of the Scandinavian model for the last decades 60 and its impact on its population health, 61 the redistributive characters of the regime has been maintained and contributed to its relatively low level of income inequality. 62 The interrelated variables of the welfare model and income inequality are expected to keep influencing national-level aggregate health.
In the Supplementary Material 2, the majority of findings examine the relationship between income inequality and aggregate health, while the verdicts on the relationships are divided by 25 (supporting the hypothesis) and 30 (repudiating the hypothesis), respectively. However, as found in the 2D analysis, the age threshold can be observed again with the majority supporting the hypothesis for infant mortality or child mortality (17 against 8) while only one out of six is supportive when it comes to workingage and old-age mortality (one againstfive). For the general health indicators of life expectancy, namely all age mortality and life expectancy loss, fewer findings support the hypothesis (7 against 2  1  2  3  1  2  2  2  3  1  2  3  2  3  2  2  4  2  3  2  2  5  2  2  2 17). The material also shows that the findings for the relationship between welfare regime and aggregate health are quite inconsistent. Of 16 findings on the relationship, 6 support the Scandinavian welfare regime's better aggregate health records, but the other 10 do not. With these discordant empirical findings, it is not surprising that the previous systematic reviews [26] [27] [28] on the research question reach contrasting conclusions. However, when the findings are divided according to the different health indicators, the murky relationship becomes clearer. The Scandinavian welfare regime underperforms in terms of increasing life expectancy as none of the seven findings support its hypothesized good health outcomes as seen in the Supplementary Material 2. six out of nine findings show that the regime does have the best infant mortality rate. All of the other independent variables discussed (income inequality, political tradition, welfare state spending, public health system) seem to have the hypothesized influence on reduced infant mortality rates with 26 out of the 37 findings supporting the relationship. When it comes to working-age or old-age mortality, the positive relationships are no longer supported by the majority of findings with only 4 out of 15 supporting the hypothesis.
The situation is similar for the relationship with life expectancy and all-age mortality with 24 out of 33 studies refuting the hypothesis. Ultimately, the Scandinavian welfare regime succeeds in reducing infant or child mortality rates significantly, but does not improve the other health indicators. Across all of the other independent variables, arguably except for the last state-by-state comparison, the age threshold is observable. This could signify that the threshold is not due to any particular independent variable but that the effect is significant for all of the independent variables.
Relations between methods and health outcomes
As another 3D approach, this review again categorizes statistical methods of all 107 findings into 6 groups to analyse the relationship between statistical methods and health outcomes. The first statistical method is the simplest descriptive statistics comparing national or regime average health levels. The second method is bivariate analysis consists mainly of simple correlation analysis without control variables. The third method is multivariate analysis with some control variables such as GDP per capita 45, 50 or median wealth per capita. 52 The fourth multilevel analysis is used by two articles. 22, 48 The fifth decomposition method is more concerned with agespecific life expectancy loss. 58, 63 While the first five methods focus on cross-sectional statistical methods, the last time-series crosssectional (TSCS) analysis adds a chronological aspect to the spatial study. 64, 65 Supplementary Material 3 shows that the methods do not seem to demonstrate a significant difference in their impacts on health outcomes except for the decomposition analysis, which produces anti-hypothesis outcomes. In all three findings from the two primary articles, 58,63 the Scandinavian welfare states do not demonstrate the best aggregate health outcomes while Japan and Southern European nations of Italy and Spain, traditionally welfare state laggards, record relatively good aggregate health.
When the health outcomes are split by the age threshold, different aspects of correlation or causation can be revealed. For infant and child mortality, the first three methods support the hypothesis (21 against 4). However, the last TSCS analyses are less hypothesissupportive (15 against 10). On the other hand, for the general mortality rates of life expectancy, all-age mortality and life expectancy loss, the first three methods seem to be less hypothesis-supportive (5 against 18) than the time-series analysis (6 against 8). In other words, the cross-sectional analysis more or less supports the age threshold trend but the TSCS regression studies are less supportive of the threshold. For working-age and old-age mortality, no particular difference could be found between the methods.
Relations between datasets and health outcomes
Use of different datasets may lead to different conclusions (see Supplementary Material 4). After analysing the datasets used by the 48 articles (99 findings), 6 popular international datasets are mainly used such as OECD, WHOSIS, WHO Mortality, Human Mortality DB, World Bank WDI and World Bank WDR. There are eight fewer findings than the previous analysis as two articles 13, 66 each with four findings do not specify what datasets they use. In addition, two articles 67,68 combine some nations' datasets from the respective countries examined. Other six articles (12 findings) combine more than two international datasets.
To analyse the relationship between datasets and health outcomes, the first six datasets are particularly relevant under this review. At first, while most datasets are interpreted as containing prohypothesis statistics for infant and child mortality, only the Human Mortality Database seems to have mixed data as two articles 56,69 extract anti-hypothesis conclusions from the datasets. Second, none of the international datasets were interpreted as having pro-hypothesis statistics for working-age and old-age mortality. Only certain combinations of national-level or international-level datasets produce some pro-hypothesis health outcomes. For the three general mortality indicators of life expectancy, all-age mortality and life expectancy loss, the two WHO datasets provide only anti-hypothesis health outcomes while the two World Bank datasets, on the contrary, provide pro-hypothesis outcomes. Studies based on the OECD health dataset and the Human Mortality Database yield mixed conclusions. For these general mortality data, the six datasets show a clear contrast as far as the related findings are concerned. However, this relationship is to be discussed with caution because the data is not the only factor dictating health outcomes.
Conclusion
The new decomposition review method, proposed for this article, breaks down individual articles into multiple findings based on four components (independent variables, methods, datasets and health indicators). Then the relationship is examined between the combinations of the four components and the health outcomes. This systematic review of 48 primary articles delivers findings that the impacts of independent variables differ depending on the affected generations. The health indicators of younger generations, like infant or child mortality, are influenced by the health determinants, but those of older generations or life expectancy are not.
Regarding the relationship between welfare regime and aggregate health, the Scandinavian welfare regime's health records are found to be generally better than those of other welfare regimes only in infant or child mortality, and not for all of the other health indicators. Scandinavia's underperformance in most of the health indicators corresponds to 'the second Scandinavian puzzle', 21 referring to the lower-than-expected aggregate health of the Scandinavian population. The concept of the second Scandinavian puzzle is proposed in addition to the relatively well known 'first Scandinavian puzzle' referring to its surprisingly wide health inequalities when compared with other welfare regimes.
70,71 With regards to the counterintuitive findings regarding the health indicators in Scandinavian welfare states, there could be some causes such as notable retrenchment in public welfare contribution during the last decades 60 and relatively high rates of smoking-related death in some Scandinavian nations. 72 In addition, Scandinavia's relatively unequal market income inequality, compared with its disposable income inequality after redistribution, might account for its unexpected health outcomes. For example, Finland's post-tax income Gini coefficient (0.260) was one of the lowest among OECD members in 2012, but it's before-tax income Gini (0.488) was higher than the OECD average (0.476). The age threshold effect proposed in the relationship between income inequality and aggregate health also provides only partial backing to the Wilkinson Hypothesis. This decomposition method introduced in this systematic review demonstrates that the majority of primary studies support the hypothesis only for infant and child mortality indicators but not for all other health Indicators. By identifying the age threshold, this article could find the reasons behind the inconsistent conclusions of previous studies on the relationship between income inequality, welfare regimes and aggregate health. If they focus on the younger generation's health, the findings generally support the hypothesis, but if the focus switches to the older generation, the conclusion would differ. Without taking into account the age threshold, previous systematic reviews produced, unsurprisingly, conflicting conclusions. However, it is another challenge for us to answer the question, suggested in this article, as to why younger generations are more sensitively affected by social determinants of health (i.e. income inequality and welfare regimes).
Some studies also suggest that the impacts also differ between genders, over a certain amount of GDP per capita, or since a certain time point in the past. Combined, this decomposition systematic review suggests four thresholds, which effect analysis of the dynamics between health determinants and health outcomes in aggregate levels. In addition, the choice of statistical methods and datasets also seems to influence data outcomes. Statistically simpler findings tend to produce theoretically expected outcomes.
This systematic review has three methodological contributions. First, it incorporates multiple findings from an individual journal article under review to avoid oversimplification of their findings. Second, this systematic review decomposes each article into multiple findings based on their use of the following four components: independent variable, dependent variable, method and dataset. This decomposition approach splits the 48 articles into 107 findings. Third, this systematic review conducts a quantitative analysis after coding the 4 components of each of the 107 findings, which enables researchers to analyse the data in multi-dimensional ways. However, the decomposition method is not free from limitations. The method of extracting multiple findings from individual articles is innovative, but this new approach still needs more specific and formulated guidelines, especially regarding decomposing and interpreting individual findings.
This article uses a large part of its content on introducing and justifying the method but the space is limited.
This systematic review's findings deliver three theoretical contributions. First, this review can confirm the presence of the second Scandinavian puzzle regarding its surprising underperformance in enhancing aggregate health. Second, the detailed examination of the puzzle could help to identify the four thresholds (age, GDP per capita, gender and period) across which health indicators show different patterns over each threshold. The age threshold effect is especially noticeable, because Scandinavian health records excel only in infant and child mortality rates but not in old-age or allgeneration mortality rates. Third, this review again affirms the wide disagreement on the Wilkinson Hypothesis. Again, the majority of studies support the hypothesis for the health of younger generations but not for older generation.
Supplementary data
Supplementary data are available at EURPUB online.
